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Introduction 

The purposes of this grant were to: 

I. Perform a comprehensive structured literature review of the diagnostic tests for 
the evaluation of suspected breast cancer; 

II. Conduct focus groups of physicians and patients to give this work expert review 
and feedback; 

HI.      Construct a decision analysis evaluating the optimal diagnostic test strategy for 
breast cancer evaluation when comparing fine needle aspiration to open biopsy; 

IV.      Compare the marginal cost-effectiveness of open biopsy versus fine needle 
aspiration cytology taking into consideration the long-term costs and morbidity of 
false positives and false negatives. 

Despite advances in treatment and earlier detection, breast cancer remains the leading site 
for newly developed cancers in women. It is the second leading cause of cancer deaths in 
women in the United States, affecting one in eight women from birth to death. 
Evaluation has evolved from a one-stage procedure that involved a breast biopsy with a 
frozen section while the patient was under anesthesia to determine whether the patient 
would awaken with a mastectomy, to a two-stage procedure which provides an 
opportunity for discussion of alternative breast conservation therapies. As a result, some 
one million breast biopsies may occur annually.   Fine needle aspiration cytology 
provides a less invasive alternative method, but the tissue sample is smaller, resulting in 
false positive and false negative diagnoses. False positive diagnoses lead to unnecessary 
breast biopsies which cause anxiety and incur economic costs. Also, false negative 
cytological diagnoses may result in a delayed diagnosis with potential worsening in the 
stage of the breast cancer. The first goal of this study was to estimate the sensitivity and 
specificity of fine needle aspiration by performing a comprehensive literature review. The 
second goal of this study was to conduct focus groups of physicians and patients with 
experience in the evaluation of breast lesions to guide the development of the meta- 
analysis and decision analysis. Although a detailed examination of tru-cut breast biopsy 
was beyond the scope of this grant, using results from our meta-analysis, our study goes 
on to develop a decision analysis as part of the third goal to estimate the life expectancy 
consequences of choosing fine needle aspiration versus open biopsy. Lastly, our fourth 
goal was to compare the cost-effectiveness of open biopsy versus fine needle aspiration 
taking into consideration the costs and the effectiveness of false negative and false 
positive cytology results from fine needle aspiration. 
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Body 

I. Meta-analysis 

Methods 
During the first year of the project, then Principal Investigator, Anthony So, MD, 
performed part of the meta-analysis at the American College of Physicians. Dr. So and 
his colleagues performed an extensive preliminary meta-analysis with creation of a data 
entry form, selection of articles, data abstraction and preliminary analysis. They were, 
however, unable to complete their analysis. When we took over the grant in 1997, our 
study consulted physicians with expertise in the evaluation of breast lesions to give the 
work expert feedback. Although our initial intent was to simply update Dr. So's 
database, through these discussions, we found it necessary to modify the data abstraction 
form. Consequently, we repeated all of the steps performed in year one by Dr. So in 
addition to updating the literature review. We added other search terms, revised the data 
abstraction form and performed the meta-analysis anew. For details of Dr. So's extensive 
work done in the firs year of the project, refer to the year one progress report (see 
enclosure). The remainder of this report will refer to the work performed at New England 
Medical Center which was an extension of Dr. So's initial work, but, in essence, 
performed all of the year one activities anew along with the year two activities over the 
past 18 months. 

Selection of Articles 
A MEDLINE search was performed of all English language studies of human beings 
published from 1966 through 1998. We applied a previously published search list that 
had the highest sensitivity for detecting relevant articles along with Dr. So's prior search 
which used the MESH terms: BIOPSY, NEEDLE and BREAST or BREAST 
DISEASES, title terms FTNE NEEDLE, ASPIRATION, CYTOLOGY and BREAST or 
MAMMARY. The article selection process involved review of the title list and exclusion 
of those articles with clearly inappropriate content. Only English language documents 
involving human subjects were included. Letters were excluded. Titles were then 
scanned for relevancy. The winnowed list was then subjected to a review of their 
abstracts. The remaining articles were then obtained and abstracted. The following 
exclusion criteria were then applied: 1) duplicate publication; 2) N<50; 3) absence of 
primary data, 4) special population; 5) absent reference or gold standard; and 6) 
inadequate detail to allow determination of sensitivity or specificity. When the first 
exclusion criteria was met, the article was excluded. Bibliographies of selected articles 
were examined for additional studies not discovered by the MEDLINE search. 

Data Abstraction 
Although a data abstraction form was created during year one of the study, upon review, 
additional elements were added to the data abstraction form to capture study, population 
and technique characteristics, which examine variation in practice and explore potential 
relationships between those variations and cytology results (See Appendix I). Based on 
our prior experience with meta-analysis of non-invasive evaluation of heart disease, we 
also added data fields to capture the department from which the article arose. To avoid 
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duplicate inclusion of data, we also added a field to capture the institution and years that 
the study was performed. To standardize our data collection and to permit analysis of 
alternative cutpoints for defining "positive" cytology results, we included categories of 
malignant, suspicious, atypical, benign and inadequate. We separately analyzed 
sensitivity and specificity hypothetically assuming that cytology was considered 
"positive": 1) only for patients with malignant cytological results; 2) those with 
malignant or suspicious cytological results; 3) those with malignant, suspicious or 
atypical cytological results. Some patients who undergo fine needle aspiration are 
classified as "inadequate" because of insufficient cellular material. Clinically, these 
patients would likely undergo breast biopsy to clarify the diagnosis. We therefore 
repeated the above meta-analyses by treating patients with an inadequate aspiration as 
being "positive." 

Data Entry and Software 
Data were entered into a Lotus 123 spreadsheet program. Once the evidence tables were 
complete, data were exported to a text file for analysis with S AS for Windows, version 
6.1. The meta-analysis was performed using the FREQ module with the Mantel-Haentzel 
Chi-square. 

Technical Details 
We combined study results using the Mantel-Haentzel technique which excludes between 
study variation and may underestimate slightly the uncertainty surrounding the results. 
To test for homogeneity, we applied the Pearson Chi-square test (with degrees of freedom 
equal to one less than the number of studies). Because of the insensitivity of this test, p- 
values less than or equal to 0.1 were considered positive. For the purposes of this study, 
we did not examine verification bias and only included studies with histologic 
confirmation of the fine needle aspirate results. 

Results 
2-83 

Table 1        summarizes the overall results of the meta-analysis (Appendix II). Most 
studies were from sites outside of the United States conducted by pathologists and 
surgeons. Studies involved an average of 369 patients seen between 1981 and 1985 with 
a mean age of 51. Technique when reported involved most often a 10 or 20 ml syringe 
with a 20 to 23 gauge needle and a fixative with a PAP stain. 



Table 1. Summary of Study Characteristics 
Parameter Mean (n) 
Source of Publication 
Department 

Family Practice 
Gynecology 
Oncology 
Pathology 
Radiation oncology 
Radiology 
Surgery 
Not specified 

United States 

% (number of studies) 

KD 
5(4) 
5(4) 
72 (61) 
2(2) 
24 (20) 
61 (52) 
7(6) 
38 (32)  

Technical details in study 
Syringe (ml) 

3 
5 
10 
20 
30 
50 
Not specified 

Needle (gauge) 
18 
20 
21 
22 
23 
25 
Not specified 

Centn fuged 
Slide preparation 

Air 
Fixative 
Not specified 

Stain 
Diff-Quik 
Giemsa' 

Hematoxylin-Eosin 
Other2 

PAP 
Not specified 

% (number of studies) 

2(2) 
6(5) 
25 (21) 
34 (29) 
2(2) 
KD 
35 (30) 

4(3) 
13(11) 
25 (21) 
42 (36) 
18(15) 
KD 
25 (20) 
16(14) 

29 (26) 
65 (55) 
20 (17) 

8(7) 
24 (20) 
6(5) 
2(2) 
58 (49) 
22 (19)  

Patient and Study Characteristics 
Year study 

Began 
Ended 

# of patients 
# of men 
Unspecified 

# of biopsies 
Mean age (yrs) 

Overall 
Youngest 
Oldest 

Mean (number of studies) 

1981 (68) 
1985 (67) 
481 (59) 
3(29) 
369 (84) 
367 (85) 

51 (21) 
23 (24) 
84(24)  

May-Grunwald, Leishman 

' Romanovsky or Liu 



Table 2 resents the summary of the results of the pooling. As the cutoff criteria moves 
from defining a positive cytology as only those results with malignant cytology to 
defining a positive cytology as having either malignant, suspicious or atypical cytology, 
sensitivity increases but specificity declines, as expected, for mammography directed, 
ultrasound directed or undirected fine needle aspiration. Table 3 presents similar results 
but includes patients with inadequate cytology and considers those results as "positive." 
As mentioned above, this classification is supported by clinical practice because such 
results require further evaluation. By definition, inclusion of these inadequate results 
improves sensitivity but similarly decreases specificity. 



Table 2. Summary of Test Characteristics 
Sensitivity Specificity P-value 

Undirected N= 11,665 N=13,561 
Positive if 
Malignant 79.3 99.1 <0.001 
Malignant or 

Suspicious 90.1 93.3 <0.001 
Malignant or 

Suspicious or 
Atypical 92.4 85.7 <0.001 

Directed by Mammography N=659 N=828 
Positive if 
Malignant 
Malignant or 65.7 99.4 <0.001 

Suspicious , 
Malignant or 80.7 92.8 <0.001 

Suspicious or 
Atypical 

87.1 81.3 <0.001 
Directed by Ultrasonography N=761 N=433 
Positive if 
Malignant 
Malignant or 76.5 98.6 <0.001 

Suspicious 
Malignant or 87.8 88.5 <0.001 

Suspicious or 
Atypical 

95.8 73.9 <0.001 



Table 3. Summary oi " Test Characteristics including Inadequate Cytology as Positive 
Sensitivity Specificity p-value 

Undirected N=12,241 N= 15,427 
Positive if 

Malignant 80.3 87.1 <0.001 
Malignant or 

Suspicious 90.6 82.0 <0.001 
Malignant or 

Suspicious or 
Atypical 92.8 75.9 <0.001 

Directed by N=715 N=1045 
Mammography 
Positive if 

Malignant 68.4 78.8 <0.001 
Malignant or r' 

Suspicious 82.2 73.5 <0.001 
Malignant or 

Suspicious or 
Atypical 88.1 64.4 <0.001 

Directed by N=997 N=783 
Ultrasonography 
Positive if 

Malignant 82.1 54.5 <0.001 
Malignant or 

Suspicious 90.7 48.9 <0.001 
Malignant or 

Suspicious or 
Atypical 96.8 40.9 <0.001 

II. Focus Groups 

During the first year of the study, Dr. So conducted over nine interviews with expert 
physicians involved in the field of breast cancer. Their results are presented in the year 
one progress report. As outlined in our proposal, when we took over the grant at the New 
England Medical Center, instead of performing patient focus groups, we consulted local 
experts with experience in breast cancer regarding their opinions in the role of fine needle 
aspiration and breast biopsy. These physicians included radiologists, cytopathologists, 
surgeons and medical oncologists as well as social workers who are primarily located in 
the Breast Health Center. These physicians were consulted about their practice patterns, 
sources of variability in reported outcomes and special considerations regarding fine 
needle aspiration. Out of these discussions, we added.data fields to the data abstraction 
form that captured technical details such as gauge needle used and ml syringe used. 
These conversations also formed the basis for our short-term quality of life disutility 
estimates for undergoing fine needle aspiration or open biopsy. 



HI. Decision Analysis 

Decision Model 
We considered four alternative strategies. They were: 1) fine needle aspirate (FNA) 
defining positives as those with malignant cytology; 2) FNA defining positives as those 
with malignant or suspicious cytology; 3) FNA defining positives as those with 
malignant, suspicious or atypical cytology; and 4) initial open biopsy. Patients may or 
may not have breast cancer and the results from these procedures may be true or false 
positives or negatives. Those with either true or false "positive" cytology results then 
undergo open biopsy as would occur clinically. To estimate the subsequent prognosis for 
these patients, we constructed a simple 3 state Markov model. The states of health 
included 1) those who are well with a benign breast lesion who do not have breast cancer, 
2) those who have breast cancer and 3) a dead state of health. The computer simulation 
follows a hypothetical cohort of 10,000 identical women who move through these states 
of health over time. Time is modeled as a one year cycle, during which time, some 
members of the cohort may die. The simulation tracks all individuals crediting those 
alive in any given year for their survival and for their cost of care. By following all 
10,000 identical patients until all have died, the simulation estimates the average life 
expectancy and lifetime costs for each strategy (see below). 

Breast Cancer Survival 
Average survival times were based on 5-year relative survival rates according to stage 
using 1986-1993 SEER data (Table 4). These relative survivals were converted to annual 
excess mortality rates using the Declining Exponential Approximation for Life 

84 
Expectancy (DEALE).     The subsequent overall life expectancy for the cohort was 
estimated with a Markov model (see above) by including death other causes (as occurs 

85,86 
within the general population) using an additive mortality model. 

Table 4. SEER survival data and Costs of breast cancer by stage from Kaiser 
Permanente data (also see Table 8) 

Stage Annual 
Excess 

Initial Annual Terminal Mortality 
6-month Continuing Care Rate 

Costs Care Costs Costs 5-year from 
Inflation Inflation Inflation Survival Breast Life Exp 

Adjusted3 Adjusted Adjusted (all races) Cancer (All races) 
($1998) ($1998) ($1998) % % in Years 

Local 16,779 2,160 21,866 96.8 0.65 25.8 
Regional 21,173 2,669 21,866 75.9 5.12 11.4 
Life Exp = Life expectancy in years 

1 Using the medical care cost component of the Consumer Price Index from 1992 to 1998 



Delay in Diagnosis 
Sensitivity and specificity estimates for fine needle aspiration were based on the meta- 
analysis performed in goal one of this grant. Open biopsy was assumed to have perfect 
sensitivity and specificity. Patients with false negative cytology may experience a delay 
in the ultimate diagnosis of their breast cancer because of the false reassurance provided 
by falsely negative fine needle aspirate cytology. The effect of this delay in diagnostic 
staging of the disease is not known. Two studies involving 39 patients in total suggest 
that a false negative cytology resulted in more than a 3 month delay in the ultimate 

87 88 
diagnosis of the underlying malignancy for 15 of these patients (38%).   '     For our 
analysis, we assumed that 50% of these patients (19% of all patients with false negative 
results) might progress to a more advanced stage of disease, i.e., from local to regional 
disease because of the falsely negative cytological result. Regional disease results in a 
substantially decreased survival (Table 4) and higher treatment costs of care (see below). 

89,90 
Quality of Life Estimates 

Table 5 summarizes the quality of life estimates used in our analysis.   '     Long-term 
quality of life was taken from published studies regarding the patient and public 
perception of quality of life following breast surgery. Short-term disutilities are 
subtracted from the overall quality-adjusted survival and are based on discussions with 
physicians familiar with the care of patients with breast cancer. 

Table 5. Utility Values 

Variable Value 
Long-term quality adjustment factor 

Breast cancer4 0.85 
Short-term morbidity quality adjustment 
factor5 

Fine needle aspiration 
Open breast biopsy 

-1 day 
-1 month 

IV. Cost-effectiveness Analysis 

Economic Costs 
We performed a MEDLINE search of all English language studies of economic studies in 
breast cancer published from 1966 through 1998, using the search terms costs, 
mammography and breast cancer. The data sources for economic estimates included in 
the studies were reviewed and critiqued. The results of the critique and the rationale for 
the costs used are presented below. Although we could have used local variable costs for 

4 Each year that a patient with breast cancer survives is credited for living 0.85 quality-adjusted life years to 
take into consideration morbidity and uncertainty related to the disease 
5 Patients undergoing each procedure have this utility deducted from their overall quality-adjusted survival 
to reflect the morbidity related to undergoing the procedure. All patients with "positive" cytology undergo 
subsequent open biopsy. 



these procedures as suggested in the year one progress report, we instead applied median 
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cost estimates from national average reimbursement data which are more generalizable. 
Two fundamentally different approaches have been used to estimate the costs associated 
with breast cancer. Some studies assigned charges attributable to breast cancer by 
subtracting the average costs associated with the care of a sample of comparable women 
without breast cancer. Others identified all service use associated with the diagnosis of 
breast cancer and then assigned costs to each service and summed the costs for all 

92,93 
services. One study used the latter approach but adjusted for care received for 
conditions unrelated to breast cancer by subtracting the costs of care received by average 
patients without the cancer. 

To estimate lifetime direct medical expenses attributable to breast cancer, many studies 
separate treatment costs into 3 categories: initial therapy (the first 3-6 months after 

95 
diagnosis), continuing care, and terminal care (the last 6 months of life). Baker et al 
(Table 6) calculated the lifetime costs based on an average survival time of 10 years for 
women diagnosed with breast cancer (total $) but did not estimate costs according to 

96 
stage of diagnosis or patient age. Subsequent analyses by Eddy    included stage-specific 
data but did not include the effects of age or comorbid conditions. Furthermore, Eddy 
relied on Medicare data to estimate costs, which may not be generalizable to younger 
women (Table 7). This study estimated a total cost (in 1984 dollars) of $36,926 for 
breast cancer (initial therapy $6,859; maintenance $21,409; and terminal care $8,658). 

Taplin et al estimated the total and net costs of medical care for breast cancer according 
97 

to stage, age, and comorbidity. Net costs from the Group Health Cooperative of Puget 
Sound were calculated as the difference between the costs of care of women with breast 
cancer and the average costs of care for female enrollees without breast cancer, matched 
according to age. Differences in costs by stage of diagnosis, age, and comorbidity were 
separately evaluated using multivariate regression analysis. 

Based on our review of the literature, we used estimates from Kaiser Permanente (Tables 
94 

4 and 8).   Costs attributable to breast cancer were derived by subtracting from the costs 
of each cancer patient the cost rate among health plan members of the same age (in 5- 
year intervals) and sex. We used their initial, interim and terminal costs within the 
Markov model for all patients who were alive. Those who died from breast cancer 
incurred the terminal care costs. 

10 



Table 6. Average Charges in 1984 Dollars or Breast Cancer (Baker) 
Medicare plan Initial 3 months ($) Continuing Care ($) Terminal 6 months ($) 
Hospital insurance 

Inpatient 5,730 184 9,256 
Skilled nursing 
facility 

80 18 791 

Home health 
agency 

26 6 176 

Supplemental 
medical 

Physicians 634 95 1687 
Outpatient 114 22 27 
Home health 
agency 

4 1 49 

Other 1,018 157 >* 2,912 
Total 7,606 483 15,137 

Table 7. Breast Cancer Cost Data by Stage (Eddy) 
Cost of Initial Treatment Cost ($) 
DCIS (0) 5,559 
Stage I 5,880 
Stage II 6,150 
Stage IE 6,549 
Stage IV 6,863 
Continuing care per month 239 
Terminal care for breast cancer 14,053 
Terminal care for other causes 10,814 

Table 8. Costs of Care for Breast Cancer Patients at Kaiser Permanente in 1992 
dollars 

Stage Initial care 
for 6 months ($) 

Continuing Care, 
per quarter ($) 

Terminal Care 
for 6 months ($) 

CIS 8,515 888 11,222 
Local 10,835 958 14,962 
Regional 12,273 1,423 20,323 
Distant NA 2,921 20,610 
Unknown NA 1,308 18,630 
Age 
35-49 11,791 1,078 28,196 
50-64 11,159 991 . 21,426 
65-79 10,054 1,104 16,587 
>=80 9,135 1,353 9,937 
NA = Not available 

11 



Table 9 summarizes procedure related costs based on median reimbursable physician fees 
in 1998    for performing the procedure and interpreting the results along with the 
additional cost for directing the aspiration or biopsy with mammography or 

98-102 
ultrasonography in comparison to other previously published data. 

V. Results 

Decision Analysis and Cost-effectiveness Analysis 
Table 10 presents the results of our analysis. Because of the decrease in life expectancy 
and the increased cost of care for advanced disease, our base case suggests that open 
biopsy may be cost-effective when compared to fine needle aspiration. Future savings 
offset its higher initial cost. The results are consistent with the inclinations of the 
physician focus groups to pursue breast biopsy when cytology results are "malignant, 
suspicious or atypical." 

Sensitivity Analysis 
The results, however, were sensitive to variation in the underlying variable estimates. 
For example, if the pretest probability of breast cancer fell below 18% (baseline 46%, 
based on the prevalence of breast cancer in the meta-analysis), then open biopsy would 
cost more than $50,000 per DQALY gained compared to core biopsy. If the sensitivity 
of fine needle aspiration exceeded 94% (baseline 92.4%) then open biopsy would again 
have a cost-effectiveness ratio exceeding $50,000 per DQALY gained. If the delay in 
diagnosis from a false negative fine needle aspirate resulted in 14% or fewer patients 
(baseline 19%) subsequently presenting with an advanced stage of disease, then again, 
fine needle aspiration would be preferable. Doubling the cost of open biopsy raised its 
cost-effectiveness ratio to $41,400 per DQALY gained, still within the range for it to be 
considered "cost-effective" (i.e., under $50,000-$ 100,000/DQALY gained). 

Table 9. Procedure Related Costs 

Procedure 1998$ 
Published range 

Low High 
Fine needle aspiration 212 75 320 
Core needle biopsy 286 NA 
Excision of breast lesion6 1,272 702 1410 
Mammogram directed 349 NA NA 
Ultrasound directed 386 NA NA 

1 Includes $500 facility cost 

12 



Table 10. Results of Cost-effectiveness Analysis 

Discounted 
Discounted quality-adjusted Marginal cost- 

lifetime costs life expectancy effectiveness ratio 
Strategy (3%/yr) (DQALY*) ($/DQALY gained) 
FNA positive if 27,224 17.34 
malignant or 
suspicious cytology 
FNA positive if 27,235 17.35 760 
malignant, suspicious 
or atypical cytology 
FNA positive only if 27,381 17.27 Inferior 
malignant cytology 
Open biopsy 27,471 17.37 ■>     11,900 
*DQALY = discounted quality-adjusted life year 
Inferior = Higher cost and lower life expectancy than next more costly strategy 

13 



Key Research Accomplishments 

I. The performance of a comprehensive and structured literature review of fine 
needle aspiration for breast lesions, the largest meta-analysis performed in this 
area to date during years one and two of the project. 

II. The conduct of physician focus groups in years one and two of the project. 

HI.      Construction of a decision analysis that compares fine-needle aspiration compared 
to open biopsy taking into consideration false negative, false positive cytological 
results and the long-term clinical outcomes in year 2. 

IV.      Comparison of the cost-effectiveness of fine-needle aspiration compared to open 
biopsy taking into consideration both the short- and long-term economic and 
clinical outcomes in year two. 

14 



Reportable Outcomes 

We have no publications to date but anticipate submitting 4 manuscripts based on this 
work to report separately the results of the meta-analysis for mammography directed fine 
needle aspiration, ultrasound directed fine needle aspiration and results for those that 
were not assisted by an imaging modality. Based on the meta-analysis, we will submit a 
manuscript comparing the cost-effectiveness of fine needle aspiration to open biopsy. 

The database of articles retrieved will provide a rich source for potential future analyses, 
such as a comparative meta-analysis which include studies which directly examine 
alternative methodologies for diagnosing breast lesions. 

15 



Conclusions 

Our results constitute the largest meta-analysis performed in this area to date. It suggests 
substantial variation in sensitivity and specificity in the performance of fine needle 
aspirate for evaluation of breast lesions with the estimates being lower than that reported 
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in some prior reports.      Sources for variation in its test characteristics include patient 
differences and interpretation differences among cytopathologists. This study, however, 
also demonstrates study to study variation in equipment and technique including the size 
syringe and the gauge needle used, the fixative and the stain applied and whether 
centrifugation of fluid was performed. Despite these differences, no randomized 
controlled studies have been performed to compare these various methodologic 
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techniques for their sensitivity and specificity. Our results emphasize the 
importance for the local facilities to determine their sensitivity and specificity in a series 
of unselected patients confirmed by biopsy to estimate the local experience and to 
determine if aspiration cytology is appropriate. 

Our results define cytological results as positive or negative. Alternatively, we could have 
calculated likelihood ratios for each category, i.e., the likelihood of any specific 
cytological interpretation among patients with histologically defined malignancy 
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compared to those with benign histology.      Because not all studies use the same 
categories for reporting cytology results, however, such an analysis would result in biased 
estimates for the less common categories, such as suspicious and atypical. Instead, our 
methodology for analysis allows the incorporation of more studies for each estimate of 
sensitivity and specificity. Moreover, as would occur clinically, our analysis suggests that 
positive results would increase the likelihood of a malignant etiology underlying the 
breast lesion and would necessitate more definitive evaluation such as a breast biopsy. 

This analysis is limited by the absence of gold standard testing in all patients. Patients 
included in this analysis all had biopsies performed, most likely influenced by patient and 
clinical characteristics that led their physicians to seek definitive histologic confirmation. 
The absence of complete histologic confirmation in all cases is termed verification bias. 
Although methodologies exist to attempt to adjust for such bias, such corrections are 
likely to be biased because they assume that selection for the second test is unbiased. 
Clinicians select patients for histologic confirmation based on their risk factors for breast 
cancer, e.g., family history or lesion characteristics by palpation or imaging. Any 
correction for verification bias then most likely overcorrects. The true sensitivity and 
specificity likely lies between the unadjusted and the adjusted for verification estimates. 

The meta-analysis does not answer whether a fine needle aspirate or a biopsy should be 
done. Such a comparison could be addressed by a randomized trial comparing the two 
approaches, but even so, there may be local variation (procedure performance or 
pathologic interpretation) that may influence the optimal procedure in a particular locale. 
To assist with such determination, our study continues in a second phase to examine the 
relative costs and benefits of fine needle aspiration in terms of life expectancy and 
lifetime costs. In particular, false positive results lead to morbidity from anxiety and 
economic costs because of unnecessary biopsy. Those with false negative cytological 
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results have a delay in the accurate diagnosis of their breast cancer, potentially leading to 
a lower life expectancy and increased cost of care when they present with more advanced 
breast cancer. Thus, this serves as the rationale for the second half of our grant to 
examine the cost-effectiveness of fine needle aspiration compared to open biopsy. 

Our results are consistent with expert opinion regarding the cutoff value that should be 
used to pursue biopsy. Consistent with our physician focus groups, patient with atypical 
as well as malignant or suspicious cytology results should have breast biopsy pursued 
because of the risk for false negative results (by excluding these patients). The long-term 
economic and clinical effects outweigh the short-term risks. Women's feelings about 
open biopsy versus fine needle aspiration may also influence the choice and deserves 
further study. 

Nearly all previous analyses have simply examined procedure related costs, comparing 
cost savings from fine needle aspiration to open biopsy. Our analysis considers^also the 
potential delay in the diagnosis for those who have false negative results with fine needle 
aspiration. The effect of this delay in diagnostic staging of the disease is not known. 
Based on the assumptions of our model, if half of the patients who have a delay 
exceeding 3 months advance from local to regional disease because of the false negative 
cytology, then open biopsy might be preferred over fine needle aspiration. 

On the other hand, in a young patient with a breast cyst and a low likelihood of cancer, 
our results support the use of fine needle aspiration because in such situations, the cost- 
effectiveness of breast biopsy exceeds $50,000 per discounted quality-adjusted life year 
gained. Our results suggest that future studies examining the effect of false negative 
cytology results on the stage of breast cancer at the time of delayed presentation would be 
an important factor in deciding whether to opt for fine needle aspiration or open biopsy. 
Lastly, the analysis of tru-cut biopsy is beyond the scope of this study, but a comparison 
study should be undertaken given the small differences in cost compared to fine needle 
aspiration and presumed higher sensitivity and specificity. 
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Appendix I: Meta-analysis Review Form 

Article #: 
First author (last name, first initial): 
Institution: 
Reviewer: 

Rejection criteria: 
1) duplicate publication 
2) N<50 
3) Absence of primary data 
4) Special population 
5) Absent reference or gold standard 
6) Inadequate detail to allow determination of sensitivity or specificity 

United States: 
Department: 

Family Practice 
Gynecology 
Oncology 
Pathology 
Radiation oncology 
Radiology 
Surgery 
Other 
Not specified 

Years study done 
Initial 
Final 

Lesion characteristics 
Solid specified 

Localization: 
Ultrasound 
Mammography 
Stereotaxic 
Other 

Technique: 
Gauge needle specified (list all): 
Millimeter syringe specified (list all): 
Number of aspirations from lesion specified: 
Fixitive; 

Air dried 
Fixitive 
None specified 

Fluid centrifuged 
Stain 
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Pap 
DiffQuik 
Giemsa 
Hematoxylin and eosin 
Romanovsky 
Wright 
Other 

Patient characteristics 
# of patients 
# of male patients 
Youngest 
Oldest 
Mean or median 

Fine needle aspirations 
# of aspirations 

Lesion biopsies 
# of biopsies 

All aspirations biopsied 

Results Complete 2x5 table: 

Biopsy 
Results 

Cytology Results 
Malignant Suspicous Atypical Benign Inadequate 

Malignant 
Benign 

Follow-up duration (months): 
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Diagnostic Strategies for Breast Cancer 

L Introduction 

LA. Overview of the Problem • 

Numerous studies have provided evidence that breast cancer screening by physical examination, 
mammography, or both can reduce mortality. In response, various national standard-setting bodies 
and professional societies have promulgated guidelines on breast cancer screening. Though there is 
general consensus that mammography screening over the age of 50 is indicated, screening between 
the ages of 40 and 50 has stirred controversy. In 1991, the National Cancer Institute conducted a 
Physician Visit Survey and found that 61% of all women over 40 had at least one mammogram 
over the prior two years. In this study, age-appropriate guidelines were defined as having a 
mammogram within the past two years if the woman were between the ages of 40 and 49, and 
within the past year if the woman were age 50 or older. Of note, compliance with screening 
guidelines declined with age, from a mammography screening rate of 68% among those aged 40-49 
to 49% among women aged 50-64 and 40% of those 65 and older.1 As one recent study though 
notes, five times as many cancers per 1000 first-screening mammograms were detected among 
women aged 50 or older than women under that age.2 

Yet with women increasingly aware of the signs of breast cancer, diagnostic evaluations may 
become increasingly patient-initiated. A 1986 nationwide Access to Care survey discovered that 
women aged 20 to 39 years had the highest rate of clinical breast exams although no guideline 
recommendations support this practice.3.This telephone survey also found that younger women had 
greater concerns about breast cancer, considered their personal risk as greater, and recognized the 
value of mammography in the early detection of breast cancer moreso than older women. The 
perception of personal risk seems greatest in the age cohort at lowest epidemiologic risk of breast 
cancer. Moreover, one community survey suggests that physicians are targeting the wrong women 
with mammography screening. In this 1991 study of two North Carolina counties, one quarter of 
women aged 30 to 39 years had a previous mammogram, and nineteen percent of physicians 
reported screening all women in this age range.4 Both of these studies suggest a spillover effect 
from the impetus of increased breast cancer screening efforts. 

These breast cancer screening efforts—the intended consequence of guidelines and the unintended 
spillover from them—lead to a cascade of diagnostic tests. Yet diagnostic tests are imperfect. They 
may fail to identify those with disease and thus give false reassurance (false negatives). Or tests 
may mislabel those free of disease as having the condition and cause undue anxiety (false 
positives). Each test raises different anxieties, exacts different costs, and imposes different risks of 
morbidity. Excisional biopsy and fine-needle aspiration cytology are both invasive tests, while 
mammography and the physical examination are not. 

Current diagnostic modalities for the evaluation of breast abnormalities include principally: 1) 
breast clinical examination; 2) mammography; 3) fine-needle aspiration cytology (FNAC); 4) 
various types of biopsy procedures—core, Tru Cut, and excisional. Several technologies, such as 
ultrasound and mammography, assist in localizing lesions for biopsy. Apart from localization, 
ultrasound may play an adjunct role in sorting cystic from solid masses for FNAC. 

These tests for evaluating breast cancer must be used in combination and in sequence to reach a 
diagnostic endpoint. At each step of this diagnostic pathway, the patient presents with a certain 



pre-test probability of disease, shaped by antecedent history and findings. Each test and testing 
sequence yields a characteristic sensitivity and specificity. Our overview of the literature suggests 
that: 1) each diagnostic test presents a trade-off between sensitivity (true-positive rate) and 
specificity (1-false-positive rate), between true positives and false positives; and 2) where this 
trade-off occurs depends often on modifiable factors, such as training in^breast physical 
examination, standardizing the reporting of mammography, or setting minimum standards for 
competency in FNAC or excisional biopsy performance. So if we can identify the optimal 
operating point for a diagnostic test, where the trade-off in sensitivity and specificity is best, then 
we can develop interventions to calibrate the performance of these diagnostic tests to reach that 
optimum operating point. This two-year research project proposes to identify the optimal 
diagnostic test strategies. 

LB. Purpose of Present Work 

To identify the optimal diagnostic test strategies for evaluating breast abnormalities, we proposed a 
multi-step approach: y 

• To perform a comprehensive and structured literature review of diagnostic tests for the 
evaluation of breast cancer and to apply quantitative meta-analysis, if appropriate, in order to 
derive estimates of test characteristics, complication rates, and outcomes. 

• To construct a decision analysis that evaluates the optimal diagnostic testing strategy for 
breast cancer evaluation, assesses the magnitude of misclassification, and highlights the 
limitations in currently available data. 

• To compare the incremental cost-effectiveness and misclassification costs for each diagnostic 
testing strategy for particular clinical presentations leading to breast cancer evaluation. 

• To conduct focus groups of primary care physicians, referral physicians, and patients in order 
to give this work expert review and feedback. 

Within this framework, we have focused on the structured literature review and meta-analysis in 
project year 1. Existing literature reviews have filled in summary estimates for current diagnostic 
modalities, except for fine-needle aspiration cytology. We decided to devote our attention to this 
pivotal procedure in the diagnostic work-up of breast abnormalities. We have several reasons for 
taking this strategy: 

1. FNAC sits at the center of the diagnostic testing sequence in evaluating breast abnormalities. 
As a procedure, it is considered less definitive than excisional biopsy. Thus some have 
questioned whether it is cost-effective to use it in the diagnostic sequence. 

2. Others would argue that the FNAC, in combination with clinical breast examination and 
mammography, obviates the need for pursuing excisional biopsy, which usually requires 
referral to a surgeon. 

3. FNAC also raises the challenges of clinical privileging. Its test characteristics are likely to be 
dependent on operator performance. Whether the quality of performance is volume-related, 
exhibits a practice effect and plateaus, or requires a specialty clinic is debatable. A decision 
analysis might describe the challenge region (that is, the minimum threshold of test 
performance) to which an operator must perform to be "competent" in the use of FNAC. 

As this first year comes to a close, we are also conducting physician focus groups to explore the 
diagnostic decision making process in the evaluation of breast abnormalities. In addition, we have 



sought and received IRB approval to field a patient survey instrument to elicit preferences and 
perceptions of women undergoing diagnostic evaluation. Both the physician and patient feedback 
started with a series of expert and lay interviews which laid the groundwork. Finally, we have also 
begun the process of outlining the diagnostic pathways that will become the branches of a decision 
tree analysis. * 

H Narrative 

ILA. Methodology 

A.1. Structured Literature Review 

Through computerized literature searches of MEDLINE, we have recruited relevant journal 
articles on fine-needle aspiration cytology. To accomplish the computerized search, we used the 
Grateful Med interface with MEDLINE and imported references into a bibliographic retrieval 
program, Endnote Plus/Endlink. Within this software program, we were able to track and record 
the status of articles in the review process, as well as to sort the database of articles by keywords 
into sub-libraries. This program enabled us to maintain an up-to-date registry of the articles 
accepted or rejected, the reason for the decision, and other pertinent information in the review 
process, as well as bibliographic information. We retrieved journal articles from local biomedical 
libraries and through inter-library photocopying requests. 

Search strategy. For the computerized literature search, we crossed the MESH terms BIOPSY, 
NEEDLE and (BREAST or BREAST DISEASES) on MEDLINE. As we narrow the number of 
articles to those finally accepted, we plan to identify fugitive literature by 1) ancestral tracing of 
bibliographic references and 2) following up citations suggested by experts. Telephone requests to 
professional medical societies (ACOG and ACR) have not yielded alternative reference listings for 
these articles. 

Dates included. We searched the MEDLINE database between the years 1966 (the year electronic 
cataloguing began) and 1994. We considered criteria that might set a later search date (e.g., a 
technologic advance that would render older literature findings obsolete). Howevej, no such 
criterion suggested a compelling change in technology, and so we decided to opt for a broader 
search. 

Delimiters. We applied a multi-step process to limit our search. First, we accepted only articles 
written in English. Given practical considerations, translation would not be feasible. However, we 
did not exclude studies conducted in foreign countries. Secondly, we eliminated articles identified 
as non-original contributions in the MEDLINE search (e.g., letter, comment, case report, review, 
news, or editorial). Though it is possible that an occasional review, letter or editorial might 
introduce new data, the format would not typically allow the data abstraction required for inclusion 
in a meta-analysis. 

Exclusion criteria. We established a set of exclusion criteria applied first to the literature abstracts 
and later to selected articles pulled for further review. These criteria include: 

NR Not relevant Despite the match with MESH terms, some articles do not 
present data on the test characteristics of breast cancer 
work-up. Others mention breast cancer evaluation only 



IS Insufficient sample 

NO No original work 

incidentally, and therefore, are also not relevant to this meta- 
analysis. 

In some studies, a subject underwent more than one test. In 
determining sample size, we took the number of tests, as 
opposed to the number of subjects, as the unit of analysis. 
Though somewhat arbitrary, the cutpoint we set was N<100. 
We can offer a back-of-the-envelope justification for this 

cutpoint.* Moreover, we flagged studies with insufficient 
sample, so that we could return to assess the effect of studies 
with small numbers on our meta-analysis results. 

Excluding by MESH terms articles without original data 
(e.g., editorial, reviews, correspondence), the capture was 
still incomplete, and at the abstract and full-text journal 
review level, we flagged other articles as having no original 
data. 

SP Special population 

AR Absent reference or 
gold standard 

PV Procedural variation 

SS Special subset 

VB Verification bias 

By study design, the external validity of some articles was 
limited to a subset of the population. For example, the 
subjects might all have familial predisposition to breast 
cancer or already have had breast cancer once. 

Test characteristics are only meaningful when measured 
against a known reference standard. In most cases of fine 
needle aspiration cytology, we take biopsy and clinical 
follow-up as the reference or gold standard. For clinical 
follow-up, we decided against requiring a follow-up period 
of specified duration as qualifying. 

Some articles focus on an innovative or experimental 
technique, such as the immunocytochemistry or receptor 
status of tissue samples. They do not replace the diagnostic 
test (e.g., mammography, FNAC, biopsy, breast 
examination), but may be used in conjunction with one. 

Some studies focus only on a specific type of breast tissue or 
neoplasm. The denominator under study is restricted to 
accessory breast tissue, lobular carcinoma or a specific 
tissue type. Test characteristics derived from such articles 
do not apply necessarily to all comers presenting in a patient 
population. 

By verification bias, we refer to the inconsistent application 
of the reference test or gold standard. This leads to biased 

N = z2p(l-p> = 1.962f0.9Y0.n= 138 
L2 (0.05)2 

, where N=sample size, L=half width of confidence interval, 
p=sensitivity or specificity sought 



estimates of sensitivity and specificity. 

OT Other Other unanticipated reasons might prompt exclusion of 
articles, and these articles warrant further examination by 
the investigators on a case-by-case basis. 

We used a disjunctive positivity criterion for exclusion, that is, an article could be rejected by the 
first exclusion criterion flagged. With some articles excluded on the basis of the abstract and others 
on a complete reading, we did not find it practical to identify all exclusion criteria by which an 
article might be rejected. Consequently, we decided that the exclusion criteria selected for rejecting 
an article does not have to be the same for the two independent reviewers, as long as both reviewers 
agree that an article should be rejected. 

Two reviewers read each of the abstracts and identified by code the reasons for exclusion, if any. 
The ratings by each reviewer were calibrated through a training set of 70 abstracts evaluated by 
the Principal Investigator. Where differences arise between two reviewers, these were discussed 
with the Principal Investigator, and if any question remained, the full-text journal article was 
retrieved for further review. We assessed inter-rater reliability between reviewers in their decision 
to accept or reject articles on the basis of their abstracts. 

Data abstraction form. After many revisions, we piloted and fielded a data abstraction form 
suitable for the purposes of our meta-analysis (see Appendix I). The print version has 
incorporated key data elements such as: 1) identifying information of the journal article; 2) the 
diagnostic test(s) under study, equipment used, and localization techniques applied; 3) the sample 
size of tests performed and subjects recruited, with note made of exclusions and dropouts; 4) type 
of population under study (inclusion and exclusion criteria for subjects); 5) diagnostic test 
characteristics reported; 6) provider or operator experience; 7) facility where tests were performed; 
8) complications; and 9) study design, such as cohort or case series, and data collection approach. 
We also collected information that bears on the quality of the evidence, such as the reference 
standard and clinical follow-up used. This allowed us to ascertain verification bias in the studies. 
We have generated a form designed to accommodate the range of diagnostic tests and testing 
sequences in the literature. 

Data abstraction process. Two reviewers perform data abstraction from each full-text journal 
article. The Principal Investigator and a co-investigator trained all reviewers, and we discussed 
their data abstractions on a trainingjet of articles. At this review stage, we perform a second 
screen applying the established exclusion criteria, and reviewers record whether they accept or 
reject the article under consideration. Using raw data reported in the study, the reviewer also 
recalculates the test characteristics. This is necessary since we have noted that studies vary in their 
interpretation of atypical or inadequate test results. Sometimes they figure into the calculations of 
the original study's test characteristics, and sometimes they do not. Reviewers fill out these data 
abstraction forms as completely as possible and bring points of contention or confusion to the 
Principal Investigator and co-investigators. Of course, the forms also flag missing data. 

Construction of evidence tables. Data abstraction forms from both reviewers are then entered into 
a customized computer database that we constructed in Microsoft Access. The database permits 
the flexible generation of evidence tables that compare findings across studies included in the meta- 
analysis. These side-by-side comparison charts enable bivariate analysis, such as the influence of 
study sample size on sensitivity or the relationship of age to specificity. For graphical display work 



and some calculations, we export from the Microsoft Access database to a Microsoft Excel 
spreadsheet program. % 

Quality control measures. Data entry permits a cross-check on the reliability of the data 
abstraction process. Where discordance is noted, it can be resolved by 1) referring to the original 
full-text article; 2) discussion between reviewers; and 3) when necessary, adjudication by the 
Principal Investigator and his co-investigators. In addition, the Principal Investigator and co- 
investigators are conducting a quality check on a 10% randomly selected sample of the full-text 
journal articles pulled for review. 

A.2. Meta-analysis 

Meta-analysis is a quantitative approach to combine data from multiple studies on the same topic. 
In this phase of our project, we are both generating summary estimates of the diagnostic test 
characteristics and examining how these test characteristics are influenced by heterogeneity in 
study design- 

Test characteristics. Test sensitivity is defined as a probability, the p [positive test result | disease], 
and test specificity, as the p[negative test result | no disease]. These test characteristics apply to 
binary outcomes, but fine-needle aspiration cytology does not always yield binary results. 

In fact, most studies report atypical and inadequate findings as well as positive and negative. Each 
category deserves separate consideration. Atypical findings on FNAC raise the level of clinical 
suspicion and often are treated as positive in the clinical setting, insofar as clinicians are inclined to 
investigate these findings further. However, in some settings, atypical findings register a level of 
uncertainty on the part of the cytopathologist. By including atypicals in the calculation of 
sensitivity or specificity, we might be distorting the calculations of test characteristics. We have 
opted to calculate test characteristics both with and without the inclusion of atypical cases as 
positive. 

Most studies also report inadequate FNAC samples in varying proportions. Inadequate samples 
result from factors such as operator experience, number of aspiration passes, localization mode, 
and size of the tumor. In contrast to atypical samples, inadequate samples represent a problem of 
feasibility as opposed to diagnostic accuracy. Some series have cytotechnologists reviewing FNAC 
samples at the time of the procedure in order to determine if they are acellular and warrant 
immediate repeat aspiration. Typically studies exclude them from the analyses, and we too have 
excluded them from the calculation oftest characteristics. However, we also examine graphically 
the relationship between the percentage of inadequate samples and the reported test characteristics. 

Publication bias. Publication bias occurs when studies appear in the literature only if they are 
well-conducted or offer statistically significant results. Consequently, performing meta-analysis 
only on these published studies might yield biased estimates. Light and Pillemer describe a quasi- 
statistical, graphical technique for assessing publication bias. The funnel plot5 graphs the effect 
measure on the x-axis, and the sample size, on the y-axis. Absent publication bias, the funnel plot 
should take the shape of a funnel with the large opening down and the narrow end up, centered over 
the true effect size. The funnel shape results from the expected sampling variability across studies. 
For this meta-analysis of a diagnostic test, we plot the test characteristic rather than the effect 
measure on the x-axis. 



Verification bias. We took as the reference standard both excisional biopsy and clinical follow-up. 
The failure to pursue a diagnostic work-up to its gold or reference standard would otherwise miss % 
false negatives. If a study reported more than 20% loss to clinical follow-up, then it would be 
excluded from our meta-analysis. # 

The duration and nature of clinical follow-up varies across studies. The literature estimates tumor 
doubling time at 100 days with a range from 30-200 days.6 How does this variability in clinical 
follow-up time influence test characteristics, particularly the false-negative rate? To assess this 
issue, we would have calculated the mean duration of clinical follow-up and have plotted clinical 
follow-up against FNAC test characteristics. However, absent information about mean duration, 
we could consider the range of clinical follow-up and plot the low end of the range against test 
characteristics. 

Selection bias.Through our exclusion criteria, we have removed studies that focus on a particular 
patient subgroup or breast tissue type. Studies focusing on specific patient subgroups may have 
selected for patients with a family history of breast cancer or a recurrence of breast cancer. Li 
studies focusing on a specific breast tissue type, inclusion is based retrospectively on the 
histologically confirmed outcome of the FNAC, such as cysts or colloid carcinoma of the breast. 

However, other factors shape whether the patients at study entry are at relatively higher or lower 
risk of having breast cancer diagnosed. What changes is the pre-test probability, and in turn, the 
post-test probability of disease after the diagnostic test is used. These factors include: 1) positive 
findings on tests preceding study enrollment; 2) palpability of breast lesion; and if reported, 3) size 
of breast lesion discovered. To evaluate the influence of these factors, we have compared the 
derived test characteristics of studies that differ along these dimensions. For example, we examine 
whether studies looking at palpable breast lesions report a higher sensitivity or specificity than 
studies looking at nonpalpable lesions. 

Some studies apply a battery of tests. When used in parallel, a battery of tests does not take 
advantage of the changes in pre- and post-test probability that accrue from learning of each 
diagnostic test result serially. Done serially, the diagnostic tests may no longer be considered 
independent. Increasingly, clinics try to provide rapid diagnostic work-ups for patients with 
identified breast lesions. By doing so, they may resort to ordering tests in parallel rather than 
serially. For example, the mammogram and the FNAC are done in combination rather than in 
succession. In our meta-analysis, we plan to study whether test characteristics systematically differ 
when done in parallel or in succession. 

Patient population. The populations recruited to these studies differ along factors like age. By 
recording the demographic characteristics of the patients under study, we can analyze whether age 
has a significant influence on FNAC results. 

Studies may differ considerably in the ratio of benign: malignant lesions (B:M) discovered.7,8 

Alternatively, this B:M ratio may be represented as the percentage malignant. Some have suggested 
it might be used to counsel women about their breast cancer risk at the time of biopsy, but others 
have argued that it might be used to judge the adequacy of care given by a physician or hospital. 
However, variability in the B:M ratio may point to failings in its use as a quality of care indicator. 
Several factors may contribute to this variability. One source is differences in the patient 
population presenting for evaluation, and these factors include age, race, socioeconomic status, 
temporal trends in the awareness of breast cancer. Another source traces to non-population-related 



factors such as the greater use of diagnostic techniques, improvements in the prebiopsy screening 
of breast lesions, or differences in the definition of benign breast lesions or of cancer. Though the 
source of variability casts a wide net, we compared studies reporting a high prevalence of 
malignant lesions (as represented in the benign:malignant ratio) in their test results against the rest 
of the studies. ♦ 

Testing site. We also recorded the site where FNACs were performed and compared test 
characteristics, the number of atypical samples, and the number of inadequate samples obtained 
across these sites. These practice settings could potentially range from the generalist's office to the 
tertiary referral center specializing in breast evaluation. Of course, the methods section of these 
papers may lack the detail necessary to classify the practice setting accurately. If misclassification 
results, the bias towards a negative finding is increased. Underlying differences in practice settings, 
of course, may be the experience of the operator and the referral pattern of patients. 

Secular trends and FNAC technique. As a procedure, the technique of FNAC has remained quite 
constant over time. However, there may have been changes in equipment (e.g., needle size), in the 
presenting patient population, and in the experience of operators. Insofar as studies report the 
FNAC needle size in their methods, we compare differences among these studies. We also plot 
temporal trends in the reported sensitivity and specificity of FNAC. Though the year of recruitment 
would have been ideal for this purpose, we have taken the date of publication as proxy for this 
initial analysis. 

Operator technique. Some studies report the number of passes made by the FNAC operator. 
Presumably the greater the number of passes, the greater the yield for diagnosis. How does this 
influence sensitivity or specificity? Through our meta-analysis, we analyze this relationship 
between the number of passes and the reported test characteristics. 

Operator experience. For various procedures, the health services research literature suggests a 
relationship between volume and quality.9 Operator training and experience in FNAC has been 
reported to result in a higher level of test sensitivity and specificity.10 Similarly, for fine-needle 
aspiration biopsy, we assess the influence of operator experience on this test's characteristics. 
However, such experience is seldom directly reported in the literature. Other variables though may 
serve as proxy, and we have considered several indirect approaches. 

• Early vs. established practice. Studies sometimes characterize their procedural experiences as 
early, even their first cases, or established. Such data allows for comparisons between novices 
and the experienced in different studies. 

• Early vs. later practice experience. A few articles may tackle this issue by contrasting the 
earlier and the later experiences of a center performing fine-needle aspiration cytology. 

• Number of operators. The greater the number of operators, the lower the distributed volume of 
procedures among them. In addition, when there is more than one operator, variability in 
individual performance may contribute to an apparent relationship between volume and 
quality. 

• Volume per unit time. By using the accrual period as the denominator, the number of 
procedures during that period might provide a proxy for volume. If the number of operators is 
noted, then we can also calculate the number of procedures per unit time. Moreover, the 
volume per unit time could also take into account the number of operators as well and yield the 
number of procedures per operator per unit time. 



Method/or combining estimates of test characteristics. Statistical approaches used for the meta- 
analysis of randomized controlled trials, such as Dersimonian and Laird or the Peto method, do not 
apply to the meta-analysis of diagnostic tests. Several methods have been advanced for combining 
estimates of diagnostic tests. One approach is called "collapsing." The test characteristic is 
expressed as a proportion, and the combined estimate takes an average of these study proportions, 
each weighted by the respective study sample size. The disadvantage to this method is that it 
ignores among-study heterogeneity in the calculation of variance. 

A modification of the collapsing approach comes from the survey sampling literature. As Berlin, et 
at. have described, "in this literature, a study is viewed as a naturally occurring 'cluster' of 
individuals. The point estimate of the combined sensitivity or specificity under cluster sampling is 
the same as that used in collapsing . .."" Cluster sampling provides an unbiased estimate and 
accounts for among-study heterogeneity. Using a Fortran-based program written for this purpose, 
we derive estimates of test characteristics by using the cluster sampling methodology. 

Statistical test for study heterogeneity. Typically, the results of studies in any clinical area are not 
completely uniform. Random (sampling) error would generally lead to a certain amount of 
variability, or heterogeneity, among study results. We used a formal test of this heterogeneity to 
address the question of whether the observed variability among study results is consistent with 
what one would expect by chance (i.e., due to sampling error alone) or if it exceeded random 
variation. The null hypothesis for the test is "homogeneity," or equality of estimates across studies. 
Rejecting the null implies that at least one of the studies is estimating a different parameter than the 
others. This might result from the sensitivity, e.g., being different in a study that examines a 
different subgroup of the population of interest. Failure to reject the null does not necessarily imply 
equality of estimates, however, because of the well-known poor statistical power of the test. 
Formally, the test, called the Q-statistic, is a chi-square with degrees of freedom equal to one less 
than the number of studies being combined. 

When significant heterogeneity is found, one can calculate summaries for different subgroups of 
studies. However, this analysis must await completion of the structured literature review. In 
addition, heterogeneity may result from the use of different cutpoints in various studies to 
determine whether a test is positive or not. Should this be the case, we can resort to transforming 
the sensitivities and specificities from each study into a common receiver operating characteristic 
curve. 

A.3. Decision Analysis 

Groundwork for decision analysis.Our work on the structured literature review and meta-analysis 
has set the stage for the follow-on decision analysis. The structured literature review has helped us 
to identify the key diagnostic pathways and contemporary controversies related to them. Through 
the review, decision alternatives are oudined along with their clinical outcomes. The meta-analysis 
has focused on a diagnostic test central to this pathway—fine-needle aspiration cytology. By 
recognizing the limitations of individual studies and of their meta-analysis, we gain a sense of 
where a decision analysis may begin to help pull together what we do know. We are developing an 
evolving map of these decision pathways as a first step. However, an important aspect of this work 
has been eliciting feedback from both physicians and patients. 



Physician feedback At this stage, we have planned the hosting of two physician focus groups. They 
provide reality testing on clinical decision making involving breast abnormalities. Highlighting 
some of the issues entering the planning process, we deliberated over the following: 

• Composition and recruitment. The physician focus group brought together an interdisciplinary 
panel of practitioners and referral specialists. They would be drawn from different 
backgrounds to share their perspectives: general internal medicine/family practice, gynecology, 
surgery, oncology, radiology, and cytopathology. One group consisted of physicians largely 
from one university referral network, while the other draws participants more broadly from the 
larger community. 

• Presentation. To deal with the multitude of clinical factors, we designed a matrix that 
decomposed the clinical vignette into the component decision factors. We presented these 
issues with the assistance of an overhead projector and an audience response system using 
handheld keypads. The audience response system enables us not only to record the answers 
given in each focus group that we conducted, but also to compare across groups. A pre-focus 
group survey gauged the referral patterns, practice volume, diagnostic pathways, and other 
aspects of practice among the various focus group participants. 

• Defining the issues. The topics for focus group discussion were developed with input from the 
research team, a series of individual expert interviews, and our literature review. We sought an 
understanding of 1) the clinical factors for using FNAC, 2) the sequencing of diagnostic tests, 
3) local variations in work-up, evaluation, and test interpretation, 4) the role of patient 
expectations and concerns, and 5) the emergence of new diagnostic techniques, such as core 
biopsy. More specifically, the physician focus group offered an opportunity to learn how 
clinicians consider various conundrums such as: 1) when to repeat FNAC or opt for biopsy; 2) 
what type of presentation might obviate the need for more extensive diagnostic work-up; 3) 
how the suspicion that a breast mass is cystic influences the subsequent diagnostic pathway; or 
4) the interpretation of atypical and inadequate samples on FNAC. 

Patient feedback We have also built the discussion framework for eliciting preferences and 
attitudes from patients. This input will eventually contribute to the shaping of utilities in the 
decision analysis. For a variety of reasons, this process remains more open-ended in design at this 
point. These reasons reflect the following issues: 

• Diverse patient populations. We hypothesize that the perspectives of patients change as they 
proceed through the diagnostic work-up. Patients with diagnosed breast cancer would likely 
weigh utilities from diagnostic evaluation differently than patients who experience false- 
positive work-ups. Recruiting a patient focus group presents greater difficulties. The 
composition of the focus group does not easily divide into categories, like it did with physician 
specialty types. Natural recruitment sources, such as breast cancer support groups, carry a 
particular bent to these issues. Particular clinical settings, such as the waiting room for 
mammography, select for patients at a similar point in the diagnostic work-up. And the 
participation of breast cancer patients in these focus groups may introduce undue influence on 
the group discussions. 

• Instrument design.To accommodate this range of patients, we developed an instrument that 
focused on key issues identified in interviews with social workers, patients, and the research 
team. In addition, we drew upon themes noted in the literature on the psychological and 
behavioral effects of diagnostic evaluation for breast cancer. To obtain utility estimates, we 
will have to pilot and conduct individual patient interviews using the time-tradeoff or similar 
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technique. Similarly, the instrument can provide a framework for patient focus group 
discussions if we find that approach productive. 

We have submitted a successful IRB request for conducting patient interviews in various clinical 
settings. By doing so, we have addressed and provided reassurances about the confidentiality of 
patient data, the informed consent process, and related issues. 

ELB. Results and Discussion 

B.l. Structured Literature Review 

Using MeSH subject headings and searching the years 1966 through 1994, we identified 1959 
potential journal articles on fine-needle aspiration cytology and related diagnostic procedures, such 
as breast biopsy. By limiting the search only to articles written in English, we reduced the number 
of candidate articles from 1959 to 1575. We were also able to exclude articles categorized as a 
non-original contribution (n=410) and articles focusing on needle biopsy in another organ system 
(n=43). This left a total of 1122 articles for abstract review. 

Type Total number of articles deleted 
Letter 134 
Comment 59 
Case Report 113 
Review 81 
News ,                           5 
Editorial 18 

410 

Thyroid 8 
Lymph node 8 
Bone marrow 10 
Liver 8 
Lung 4 
Prostate .1 
Salivary gland 2 
Neck 1 
Abdomen  1 

43 

The Principal Investigator and research assistant reviewed 1122 abstracts. Of these, 467 journal 
articles (42%) were accepted, and 655 (58%) rejected using our exclusion criteria. The percentage 
agreement between both reviewers reached 94% (430 accepted with concordance of both reviewers, 
37 without; 624 rejected with concordance, 31 without). 

By abstract, we then sorted accepted studies into categories of those dealing primarily with FNAC 
(363), core biopsy (15), Tru-Cut biopsy (7), excisional biopsy (87), mammography (17), and 
ultrasound (2). Despite using more than one biomedical library in the region, we still have 74 
interlibrary photocopying requests outstanding. However, 80% of the FNAC studies have already 
been retrieved and reviewed. 
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By dropping articles when the first exclusion criterion is flagged, we cannot ascertain the most 
common reasons for exclusion. However, the abstract reviewers paid particular attention to making 
note of articles excluded on the basis of sample size. In our database, we excluded only 11 articles 
because their sample size did not exceed 100 diagnostic tests. 

♦ 

Two independent readers reviewed and abstracted data from each accepted, full-text journal article. 
Of 363 accepted FNAC articles, 289 have been retrieved, and 252 (69%) reviewed by at least one 
reader. 

Number of Articles Accepted for Meta-Analysis: 100 (40%) 
Number of Articles Rejected for Meta-Analysis: 152 (60%) 

Thus far, 168 articles have been fully reviewed by two readers. We track this process through our 
bibliographic database on Endnote Plus. From this database, we have generated as an example a 
selected listing of the first 100 articles accepted to the meta-analysis (see Appendix H). Once all 
articles have been reviewed by two readers, we can use concordance measures to examine their 
decisions to accept or reject full-text journal articles. However, the primary purpose of the two 
reader system is quality control for the multiple data elements in the abstraction process, e.g., the 
sample size and test characteristics. A second layer of quality control measures will involve review 
of a 10% randomly selected sample of the full-text journal articles. We have used a random 
number generator program to identify these articles and have tracked this sample through the 
reference number assigned by our Endnote Plus bibliographic retrieval program. 

We can assess reliability of the two-reader abstraction process during database entry into 
Microsoft Access. This computerized database enables us to produce evidence tables, and this 
provides us a way to view study findings side by side. The charts noted throughout the Results and 
Discussion section (see Appendix TV) draw upon data exported from Microsoft Access into 
Microsoft Excel for graphical display. 

ELB.2.  Meta-Analysis 

At this juncture in the project, we can provide an overview of results to date. By doing so, we 
delineate the framework for our analytic strategy. However, the findings on fine-needle aspiration 
cytology are incomplete and preliminary. We present the results as graphical displays, a 
steppingstone to subsequent work using regression analysis and other statistical methods. We draw 
upon the Mcrosoft Access database which currently has 101 of the abstracted studies in its 
repository. 

Test Characteristics 
Many studies reported atypical results for FNAC, and these were variably counted as positive or 
negative tests in calculating sensitivity and specificity. Of 101 studies, thirty-six reported atypicals 
as a separate category, while fifty-four studies did not report any atypical results. Nine had 
included them in the test positive category of suspicious for malignancy, and two studies included 
them in the test negative category of benign findings. We performed our calculations of test 
characteristics both with and without the atypical results included in the test positive category. 

Viewing the scatter plot of the percentage of reported atypicals versus the test characteristics, a 
slight downward trend in sensitivity (Chart 1) may be associated with an increasing percentage of 
atypical results. No such relationship appears in the graphical plot for specificity (Chart 2). In 
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these charts, the test characteristics are calculated with atypical results counting as positive test 
results. Subsequent analyses may depict the relationship between atypical findings and FNAC test •. 
characteristics. The thresholds for calling a sample atypical as opposed to positive or negative have 
direct impact on the diagnostic yield of FNAC. t 

Most of our studies reported inadequate samples, and their influence on sensitivity and specificity 
is not direct since they are not included in the calculation of the test characteristics. But one might 
propose that they exert an indirect influence over test characteristics in the sense that they are 
operator and technique dependent. Therefore, a study with many inadequate samples might have 
poorer test characteristics in general. Alternatively, a study with a high percentage of inadequate 
samples might reflect a higher quality threshold demanded for cytopathology reading. In the graphs 
plotting inadequate samples against sensitivity or specificity, no clearcut relationships are seen yet 
(Charts 3 and 4). 

Publication bias y 

In order to assess publication bias, we have graphed two funnel plots (Charts 5 and 6), with sample 
size on the y-axis and test characteristics as the "effect" measure on the x-axis. There were sixteen 
studies which had sample sizes over one thousand, but as these were outliers, they are not depicted 
on these charts. By amplifying the area displaying studies with sample sizes 1000 and under, one 
can better appreciate whether a funnel shape pattern to the plots is seen or not. There is somewhat 
wider dispersion of study test characteristics at the bottom of the funnel, where the sample sizes are 
smaller. This can be attributable to the anticipated greater statistical variability that comes with 
smaller sample sizes. If there had been a pronounced publication bias, we would have expected that 
even studies with smaller sample sizes would only have published results with near perfect 
sensitivity or specificity. However, this does not appear to be the case here. 

Verification Bias 
In our meta-analysis, both biopsy and clinical follow-up were accepted as reference standards. A 
total of 30 articles contained biopsy and clinical follow-up data, while 71 articles used only biopsy 
as the gold standard. Only a subset of the studies reported the duration of clinical follow-up, and 
most of them did not provide a mean or median. So we focused on the ranges given for clinical 
follow-up time. They varied from a minimum of 3 months to over 36 months, but-the majority 
(27/30) of the studies were in the range of 6-12 months (Chart 7). 

Presumably a longer follow-up period might permit the detection of latent or missed malignancies, 
or in other words, the false negatives. Of course, there also comes a point when the follow-up 
period is so long that malignancies cropping up were not missed at the point of initial diagnostic 
evaluation, but rather of new onset during the follow-up period. In looking for a relationship 
between follow-up duration and test characteristics, we did not find any discernible trend. This may 
be due to many factors and may trace to the quality of the follow-up, what additional diagnostic 
tests were used for follow-up, or patient compliance with follow-up. Many studies do not indicate 
how many patients, if any, were lost to follow up. 

Absent data on the mean clinical follow-up duration, we plotted the lower end of the clinical 
follow-up range as a proxy against the false-negative rate (Chart 8). Though the chart suggests 
more false negatives detected with longer clinical follow-up, these findings are quite preliminary. 
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Selection Bias 
The diagnostic tests performed on the patients before entering a study can alter the pre-FNAC 
probability of detecting a malignancy or a benign lesion. For example, many patients who were 
included in the studies had suspicious mammographic lesions or palpable masses on clinical exam 
(which implies the lesion had attained a certain size to be palpable). These prior test findings affect 
the pre-test probability or pre-test odds. Though sensitivity and specificity are theoretically 
invariant, these test characteristics can become biased by the resultant spectrum bias if only 
selected cases are referred on for further diagnostic work-up. 

Of the studies included so far for meta-analysis, 25 studies noted a clinical breast exam as the pre- 
study test; 32 received a mammogram as well as the clinical exam, 25 had a mammogram only, 
and others had larger batteries of tests that included ultrasound and thermography. 

Typically breast lesions are characterized as either palpable or nonpalpable. Of course, the 
nonpalpable lesions tend to be mammographically detected and smaller in size. Most studies did 
not report the size of detected breast lesions, so palpability will have to be taken as proxy. There 
are 22 studies of nonpalpable lesions, 44 of palpable lesions, and 7 of both. In Charts 14 and 15, 
we have generated a histogram comparing the pooled or summary test characteristic by pre-FNAC 
diagnostic work-up. However, to date, these differences in sensitivity and specificity are not 
statistically significant in pairwise comparisons between clinical exam or mammography and the 
combined diagnostic strategy of clinical exam plus mammography. Whether this implies 
conditional independence among tests done serially or in parallel requires further analysis. 

Patient Population 
Only 21 studies report the mean age of patients, and among these, they ranged from 38 to 65 years 
of age. A scatter plot of mean patient age versus test characteristics did not reveal any pattern; 
however, subsequent analyses will need to be performed. For example, we might compare those 
studies with a mean age greater than 50 with those reporting a mean age below 50. Of course, we 
risk a negative finding since characterizing a study population by its mean age rather than by the 
age of its individual subjects diminishes the power to detect an age-related difference in sensitivity 
or specificity of FNAC. 

Studies also differ considerably in the benign : malignant ratio achieved, and this suggests a 
different operating threshold for pursuing FNAC. If only very suspicious lesions are being sent 
onto FNAC, then the benignrmalignant ratio will decrease, and vice versa. In Charts 10 and 11 
(test characteristic vs. benign:malignant ratio), we can see that the benign : malignant ratio remains 
mostly in the 1-4 range, but with still a rather wide dispersion of diagnostic yield. Further analyses 
will be necessary to discern whether there is a significant pattern to these plots. 

Testing Site 
Of the studies accepted for meta-analysis, 16 were regional or general hospitals, 15 were highly 
specialized centers like the Karolinska Institute of Stockholm or the Mayo Clinic, 40 were 
university centers, and 29 centers did not give enough information to judge their characteristics. If 
testing sites can be better characterized, we will examine this more closely. 

Secular Trends and FNAC technique 
The needle gauges used in FNAC vary from center to center or even from operator to operator. In 
our study, the gauges used ranged from 14 to 25, with the majority of the centers using 21-22 
gauge needles. When plotting the effect of needle size on test characteristics, we see the greatest 
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variability is present at the most common gauge (22) and that sensitivity and specificity improving 
with either larger or smaller needle sizes (see Chart 19). This is probably due to two factors: 1) as 
needle size increases, it becomes progressively easier to get a good sample, and 2) the smaller 
needle gauges were used in very few studies with correspondingly less variability seen. Further 
analyses might evaluate the percentage of inadequate sampling against nteedle size. 

To study temporal trends in the reported sensitivity and specificity of FNAC, we have used the date 
of publication as a proxy for year of recruitment (see Chart 20). As FNAC has become more 
accepted over time, more studies have been published. Interestingly, there is a wider spread in 
derived test characteristics with more recent studies. One explanation might be that earlier studies 
might exhibit greater publication bias or were conducted by investigators who pioneered or were 
more experienced in the technique. Also with the advent of screening mammography, the target 
lesions being aspirated may have progressively grown smaller. All these factors could explain this 
trend. 

Localization technique also influences the test characteristics. With mammographically detected 
nonpalpable lesions, FNAC needs to be performed under some kind of localization technique. The 
most common localization mode used in our review was a stereotactic device based on X-rays or 
palpability in the case of palpable lesions. Charts 16 and 17 show preliminary pooled estimates of 
sensitivity and specificity comparing those studies using palpation against those studies using 
stereotactic localization. Within the bounds of confidence intervals, these two localization 
approaches have similar test characteristics; however, the underlying lesions may be different. In 
subsequent work, we will try to compare these two localization techniques in studies that focus 
solely on palpable lesions. :■ 

Operator technique 
As the number of passes taken on FNAC increases, the variability in the reported test sensitivity 
decreases (see Chart 18). Whether there is a trend towards improved sensitivity is not clear from 
this initial graphical depiction. 

Operator experience 
Very few studies mentioned explicitly the number of aspirators, except in the cases where the 
aspirator was the author of the paper. The majority of the articles either did not mention the 
aspirator at all or implied the presence of several. Using the data from the articles that did contain 
this information, we plotted the test characteristics against the number of aspirators. The graphical 
display suggests that single aspirators had better sensitivity and specificity than the multiple 
aspirators. It is possible that single operators tended to be experienced, and the multiple operators 
may have included trainees. However, as we complete the data abstraction, we will return to 
calculate pooled estimates of sensitivity and specificity for studies with one, two, or more 
aspirators. 

When the data were available, we calculated volume per operator per unit time by dividing the 
number of total aspirations by the number of aspirators by the study duration (in months). Only 25 
studies had the required data. Charts 12 and 13 show these plots of test characteristic vs. volume 
per operator per unit time. On each chart, there is a wider dispersion of sensitivity or specificity 
among those studies where aspirators performed a lower volume of procedures. At this point 
though, we cannot tell whether this results from greater statistical variability with the smaller 
sample sizes per aspirator or points to a volume-quality relationship. 

15 



We do not report combined estimates of the test characteristics for all studies entered into the meta- 
analysis database to date. These calculations will be performed when the structured literature 
review and data abstraction processes are completed. Similarly, the statistical test for study 
heterogeneity will be applied then as well. 

ELB.3. Decision Analysis 

To lay the groundwork for the decision analysis, we have conducted a series of over 9 interviews 
with expert physicians involved in the field of breast cancer. These interviews have provided a 
clinical picture of the diagnosis of breast cancer and set the framework for several focus groups. 
Also the interviews shed light on unpublished, ongoing, or recently published studies which have 
not been detected by our MEDLINE search. The physicians interviewed comprised well respected 
members of different specialties involved in the diagnosis and treatment of breast cancer, e.g., a 
gynecologist involved in a novel Breast Cancer Risk Evaluation Program, a radiologist involved in 
investigation of MRI, a breast surgeon who uses FNA frequently but who is changing over to core 
biopsy, and a vice-chair of pathology who is involved in a study comparing FNAC to core biopsy. 
These interviews not only gave a current clinical picture but also indicated how rapidly changing 
these diagnostic strategies can be. 

The focus groups were designed to investigate the clinical criteria used by the different specialists 
involved in breast cancer diagnosis in all its stages, and to challenge them and seek out areas of 
controversy and consensus. Participants in the groups comprise representatives from all specialties 
involved in the care of such patients: gynecologists, radiologists, internists, pathologists, 
oncologists, and surgeons. Clinical vignettes served to challenge the already established criteria for 
diagnosis of breast cancer. We present here only some of the findings from the first physician focus 
group. 

The physician focus groups served to clarify diagnostic trends among different specialists. For 
example, surgeons tend to be more apt to excise all benign lesions, while the radiologists 
recommend excision if it is a palpable lesion or fibrocystic change only. Many clinicians, once they 
palpate a nodule, will send the patient to mammography irrespective of their age. However, the 
radiologists were adamant in the use of ultrasound in women under 35, and even in women over 
this age. On other topics, there was complete agreement. When confronted with atypical FNAC 
results, all participants agreed to send the patient to biopsy. When investigating the diagnostic 
weight the physicians place on certain patient characteristics, it was interesting to note that a 
family history of breast cancer had less weight than the mammographic result. Clinical impression 
also had a great deal of influence on the decision making, especially if the physician believed the 
lesion were cystic. 

When discussing new technologies, the two that stand out presently in the diagnosis of breast 
cancer are stereotactic core biopsy and MRI. As with all new procedures, there are those who 
embrace them enthusiastically, and those who prefer to wait until the procedure is proven. But in 
general, the attitude among the participants in the groups was to watch and wait. Besides scientific 
reasons for this attitude, many cited the problem of insurance and referral. Many feared patients 
and the health system cannot finance all the new procedures, especially MRI, and that the greater 
need to refer patients to other specialists for different procedures would break down the continuity 
of the diagnostic process. In general, the main priority of diagnosis for all the physicians was to 
reduce the patient's anxiety about this process by providing the best and most complete diagnosis 
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as soon as possible. For this reason, many preferred FNAC since a preliminary result can be given 
in a few hours. 

Before speaking to patients directly, we did a series of interviews with social workers who 
specialize in the area of counseling breast cancer patients or patients in the diagnostic process. 
These interviews and those with physicians served as background for the patient survey. The social 
workers were especially informative about patient attitudes towards the physicians who treat them, 
as well as the emotional and family conflicts which arise. 

Having received IRB approval of our study protocol and our proposed patient survey (see 
Appendix TU), we will undertake a series of patient interviews with several objectives in mind: 1) 
to investigate patient preferences, 2) to understand better patient concerns and beliefs about the 
diagnostic process, and 3) to elicit utilities useful for the decision analysis. The surveys will be 
administered in the radiology suites, gynecological clinic, and among support group members from 
two important local institutions. Whether these surveys will be self-administered or done by an 
interviewer will require further piloting work. A key consideration will be the development of time- 
tradeoff questions to assess utilities. 

HL Conclusions 

The foregoing narrative describes our progress to date at the close of the first project year. By 
doing so, we have provided a picture of our analytic strategy and our next steps. In project year 2, 
we intend to complete the entire structured literature review and meta-analysis focused on FNAC. 
We will also explore other statistical approaches to analyzing our database, such as examining the 
test characteristics as likelihood ratios12 and considering the use of common ROC curves. We are 
now finishing the work on two physician focus groups and piloting the survey instrument for 
patients. The input from these streams of work will lay the foundation for our decision analysis on 
diagnostic strategies for evaluating breast abnormalities. This will culminate in a completed 
decision and cost-effectiveness analysis in project year 2. 
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APPENDIX I 
Meta-Analysis Review Form for Diagnostic Test Articles 

Article D3 number: 
Journal and Date of Publication: 

First Author: Last name, First initial. 

Reviewer's name: l=Jesse Berlin   2=Stephen Clyman  3=Suzanne Fletcher  4=Kathy Hirata 
5=Anthony So      6=John Wong   7=Joseph Yi 8=Gwen Barretto     9=Vincenza Snow 

Diagnostic test: 
1. Patient self examination 
2. Breast clinical examination 
3. Mammography 
4. Fine-needle aspiration cytology (FNAC) 
5. Core biopsy 
6. Tru Cut biopsy 
7. Excisional breast biopsy 
8. Ultrasonography 
9. Thermography 
10.MRI 

Does study evaluate: 1. a single test 
2. multiple tests 

Sequences of diagnostic tests used in study: 

Equipment description: 

Tissue prep: (for biopsy) 

Localizations: (for biopsy) 
1. Palpable 
2. Stereotactic 
3. Ultrasonography 
4. Mammography 
5.NM 
6. None of the above (specify): 

Reject 
Accept 

Verification Bias: Yes / No 

Reason for Rejection: 
1. Not relevant 
2. N < 100 (number of tests) 
3. No original data (e.g., review article) • 
4. Absent gold or reference standard 
5. Special patient population — Please specify: 
6. Verification bias 
7. Procedural variation 
8. Special subset 
9. Other 

Sample Size: 
N — cases reviewed 
X — tests included in study 

N excluded 
N dropped out 

N inadequate/ nondiagnostic 
N — subjects 

N excluded 
N dropped out 
Significant prestudy exclusions 
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Describe exclusions (Before study, After study, Draw tree): 

Types of breast cancer * 

0. All types 
1. Ductal 
2. Lobular 

1. Palpable 
2. Nonpalpable 
3. Both 

3. Ductal CIS 4.NM 
4. Lobular CIS 
5. Papillary 
6. Colloid 
7. Medullary 
8. Paget's 
9. Apocrine 
10. Tubular 

Patient Descriptions: 
Sex                  Female Male 

■-I 

Not mentioned 
Age      Information:    1. 

2. 
present 
absent 

Table?  yes    no 

Measure used to report age:      1. Mean 
Overall          SuberouD 1 

2. Median  3. Range   4. None 
Subgroup 2            Subgroup 3 

Measure 

Subgroup 
characterized 

Diagnostic work-up or tests at baseline entry 
Defined   yes       no      inferred 
Tests at baseline: 
1. Patient self examination 
2. Breast clinical examination 
3. Mammography 
4. Fine-needle aspiration cytology (FNAC) 
5. Core biopsy 
6. Tru cut biopsy 
7. Excisional breast biopsy 
8. Ultrasonography 
9. Thermography 
10.MRI 
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Were observers blinded to result of index and gold standard/reference test? Yes/No/NM 
Gold standard for positive test 

Type of Biopsy 

Biopsy result All cases / Selected cases / None 
n = 

Clinical follow-up       All cases / Selected cases / None 
n = 

Clinical follow-up Data: 
l.Yes 2. No 3.NM (Not mentioned) 

weeks 
weeks 
weeks 

Lost to follow-up:        1. Mentioned   2. Not mentioned 
Characterize those lost to follow-up:   

Follow-up range 
LOW days 
HIGH days 
Mean/Median days 

months NM 
months NM 
months NM 

Spectrum of disease: Mentioned     Not mentioned 
Characteristics of cancer detected (Tumor/Metastatic/Nodes, size of tumors): 

Test characteristics: 
No. of times procedure is performed for each test (e.g., aspirations): 

Population or subpopulation 

Diagnostic categories Construct n x n table 

orNM 

Gold 
Dx test D+ D- 

T+ Malignant 
T+ Suspicious 
T+ Atypical 
T- Benign 

Inadequate 

D+ D- 
T+ 
T- 

Sensitivity =TP/TP+FN 

Specificity =TN/TN+FP 

Prevalence - n D+/totai # cases 

Positive predictive value TP/TP+FP 
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Negative predictive value TN/TN+FN 

Provider(s): No. and Description: 

Operator(s) description: 
a. Aspirators:  

al). No. of aspirators: 1. One  2. More than one i NM 

b. Cytopathologists (or other) interpreting the FNA specimens: 

bl). No. of people reading FNA specimens: 1. One  2. More than one 3. 
NM 

c. Inter-rater reliability measures          Yes / No 
If yes, describe:  

d. Training or experience noted    Yes / No 
Describe:   

dl). Did False Positives, Inadequates, etc. occur early in series? Describe: 

Facility where test was performed (name, location, and describe): 
  ■.) 

Duration/Time Period of Patient Recruitment into the study: 

Complications: 
No /Yes / NM 
Table? No / Yes 

Type of complication: 
Total Group 1   Group 2   Group 3   Group 4 

# 
% 

Type of complication: 
Total Group 1   Group 2   Group 3   Group 4 

n 
% 

Type of complication: 
Total Group 1   Group 2   Group 3   Group 4 

% 

Mortality? 
1. No 2. Yes 3. NM Table? No/ Yes 

Total Group 1   Group 2   Group 3   Group 4 

% 

Other Outcomes? 
1. No 2. Yes 3. NM 
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Please specify type and frequency: 

Double counting under complications? 
1. NA (no complications) 
2. No 
3. Yes 
4. Not sure 
5.NM 

Design: 
1. Case Series 
2. Consecutive series 
3. Cohort 
4. Randomized 
5. Case-control 
6. Other 
7.NM 

Data collection approach: 
1. Chart review 
2. Questionnaire 
3. Claims analysis 
4. Other — please specify: 

Time Frame: 
1. Prospective 
2. Retrospective 
3. Other 
4.NM 

Comments / Concerns: 
No/Yes 

If yes, please specify:  

Backpage information 
Reject 
Accept 
Hold for further discussion 

Does the information from this article offer data redundant with another article? Yes / No 

If so, what was the other article citation? 
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APPENDIX 111 

PATIENT SURVEY QUESTIONS 

Directions: (Some instructions for filling out the form) 

1. Sex:       O Female 
OMale 

2. Age: 00 

2. Who sent you for a Mammogram? 

O Ob/Gyn 
O Family Practitioner 
O Internist 
O Other 

3. How many times have you had a 
mammogram? 

O      One 
O      Two or Three 
O      More than three 

4. When was your last mammogram? 

oo/oo/oo 
m  /    d   / y 

5. Are you receiving a mammogram for (check all 
that apply): 

0 Screening (Routine check) 
O Breast Lump 
0 Breast Symptoms 
O Follow-Up 

6. From a scale of 1 to 1C, how would you rate 
your anxiety about the result of the 
mammogram? (Circle one) 

1-2-3-4-5-6-7-8-9-10 
None Moderate Extremely 

7. If for follow-up, what is your current diagnosis 

8. Have you had any kind of diagnostic procedure 
done before your mammogram? (check all that 
apply) 

O      UltraSound 
O      Fine Needle Aspiration Cytology 
0     Thermography 

O      Others (please specify) 

9. If for a lump, who detected it? 

O      Myself 
O       My Physician 
O      Other 

10. Do you do a Breast Self Exam on yourself 
regularly? 

O        Yes 
O        No 
If Yes, how often?  

11. Have you had any kind of breast problems 
before now? 

O 
O 

Yes 
No 

12.   If yes, please note what the diagnosis was 

13. Which of the following applies to you? 

O     Family member had/has breast cancer 
O     Family member has been treated for breast 

cancer 
Friend has/had breast cancer 
Friend has been treated for cancer 

O 
O 

14. Have you ever had a mammogram that said 
that you might have cancer but you did not? 

O        Yes 
O        No 

15. What procedures if any did you undergo to find 
out that there was no cancer ? 

O Ultrasound 
O Biopsy 
O Fine Needle Aspiration 
O Other(please specify) 

16. Has that experience ever caused you not to 
want to continue with screening 
mammograms? 

O      Yes 
O      No 
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17. Do you believe all lumps must be biopsied? 
O     Yes 
O     No 

18. Do you believe all breast lumps must be 
surgically removed? 

O    Yes 
O     No 

19. Can a needle or surgical biopsy cause a 
cancer to spread? 

O     Yes 
O     No 

20. Can mammography detect all cancers? 
O     Yes 
O     No 

Can it substitute for breast self exam? 
O    Yes 
O    No 

21. Would you prefer 
O     a needle biopsy with 80-90% certainty of diagnosis and no scar 
O     Or an excisional biopsy with 100% certainty of diagnosis.and some scarring 

22. Would you prefer 
O      a needle biopsy with almost 100% certainty of diagnosis, no scarring, but the possibility you 

will have to undergo excisional surgery anyway 
O      Or an excisional surgical biopsy with scarring 

23. Would you prefer 
O     a mammogram that detects 85-90% of cancers but is inexpensive and covered by insurance 
O      Or a much more expensive MRI which is not covered by insurance , but that detects 95% or 

more of cancers 

24. If you had a needle biopsy and the result was uncertain, would you prefer 
O     A repeat needle biopsy since it leaves no scar, but the result could again be uncertain 
O     An excisional biopsy and scarring but have the certainty of a diagnosis 

25. If you had a benign(normal) result on a biopsy .would you return for follow-up visits and tests 3 or 6 months 
later if you have absolutely no symptoms ? 

O     Yes 
O      No 
O      Maybe 

26. If you received an uncertain result on a biopsy, would you return for follow-up visits and tests 3 or 6 months 
later if you have absolutely no symptoms ? 

O     Yes 
O      No 
O      Maybe 

27. If you had to chose, which do you prefer... 
O      Conservative surgery but the risk of the lump or cancer returning 
O      Mastectomy but the knowledge that the tumor will not return 
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100 i 

* 
Chart 14- Pooled Specificity of Pre-FNAC Diagnostic Tests (D>0.051 
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100 -i Chart 15 - Pooled Sensitivity of Pre-FNAC Diagnostic Tests fn>0.051 - 100 
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 4  

Chart 16 - Pooled Specificity for Palpable v. Stereotactic 
Localization Modes (p>0.05) 
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Chart 17 - Pooled Sensitivity for Palpable v. Stereotactic 
Localization Modes (p>0.05) 
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